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SWITCHABLE FORMAT FILM PROJECTION SYSTEM 



Related Applications 



This is a continuation of application Serial No. 09/324,749, filed June 3, 1999, which is a 
continuation of application Serial No. 08/907,429, filed August 7, 1997, now issued as Patent No. 
6,019,473 on February 1, 2000, which is a continuation-in-part of application Serial No. 
08/598,033, filed February 7, 1996. 



The present invention relates to film transport systems for motion picture projectors and, 
more particularly, to a film projector movement that is capable of transporting film prints in one 
format and then switching to another film format without interrupting the operation of the projector 
during the switchover. 

Conventional 35mm theatrical motion picture projectors employ a motor driven sprocket 
wheel which pulls the film intermittently through the film gate at a standard rate of twenty-four 
frames per second. During the period of film movement, a rotating shutter driven by a constant 
speed motor blacks out the screen to prevent blurring. The viewing audience is unaware of these 
moments of darkness due to the phenomenon know as "persistence of vision." Film is supplied to 
and taken away from the film gate and intermittent sprocket by constant speed sprockets on either 
side. The intermittent film movement created at the film gate is smoothed out by film loops on 
either side of the intermittent sprocket, which are maintained by the constant speed sprockets. 

Current theatrical projectors are almost exclusively of the mechanical type. Typically, a 
single synchronous motor drives a drive shaft bearing multiple drive gears, which drive the shutter 
^ts^ell-as-the-Txn^ 

standard frame-rate of 24 frames/sec. The intermittent sprocket is driven by a device called a 
Geneva mechanism, the purpose of which is to translate one full revolution of the drive shaft into a 
ninety degree rotation of the intermittent sprocket followed by a stationary period for image 
projection. The ninety degree rotation of a sixteen-tooth sprocket results in a four-perforation frame 
change (i.e., one "pulldown"). The four-perforation frame standard was established in the late 
1800's to accommodate a projected aspect ratio of 1.33:1 and has not changed since that time. 
Consequently, commercial 35mm projectors are designed for four-perforation pulldown at 24 
frames/sec. 
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While virtually all theatrical 35mm projectors are of the mechanical design, there are several 
specialty projectors on the market which feature electronic pulldown. These designs rely on a high 
response servomotor instead of the Geneva device to advance and position the film in the film gate. 

Anamorphic systems are used for true widescreen presentation, which optically squeeze a 
2.4:1 aspect ratio image into a 1.33:1, four-perforation camera frame during photography and 
subsequently unsqueeze the image during projection. In the late 1950's, the "1.85" screen format 
was developed in order to provide the audience with a "semi-widescreen look" without having to 
resort to anamorphic camera and projection lenses. Approximately eighty-five percent of the films 
currently in release use the 1.85:1 format. To achieve this projected aspect ratio, a mask is simply 
inserted into the aperture of the projection gate. This mask covers the top and bottom areas of the 
projection frame, thereby increasing the width to height ratio of the picture. Consequently, the 
exposed images in these masked areas are never seen. 

In the accompanying drawings, FIG. 1 shows this quite clearly. The crosshatched area 64 
represents the usable film area which is wasted in the 1.85:1 projection format with a frame height 
of four perforations. The area represented by the reference numeral 66 corresponds to the optical 
analog soundtrack. One solution to the problem of wasted film area is to change to an alternate 
frame height standard which provides the same protectable area as shown in FIG. 1, but without the 
wasted picture area at the top and bottom. One such alternate frame standard is the three-perforation 
frame shown in FIG. 2. By eliminating much of the area previously wasted by masking, the same 
protectable area can be fitted into three perforations of film instead of four. Consequently, 
ehmination of this "wasted" area results in a reduction in release print footage, and therefore cost, 
by about 25%. 



conservation since there is still some wasted area at the top and bottom that must be masked during 
projection. FIG. 3 illustrates the ultimate frame height for the 1.85:1 format wherein there is 
virtually no wasted film area. The standard 1.85 format has an established picture width which is 
limited by the space reserved on the left side of the film for the optical sound track. This limiting 
frame width, together with the 1,85:1 aspect ratio, establishes the frame height of 0.446 inches. 
When a few thousandths are added for space between frames, this height corresponds to precisely 
2.5 perforations of film length. The 2.5-perforation pulldown format represents a reduction in 
release print footage of about 37.5% when compared to the standard four-perforation format. 
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While film conservation and its financial impact is one of the most important issues at the 
moment, image enhancement may be even more important for the future of Cinema. As new digital 
technologies raise the quality of home viewing, theatrical exhibition will have to rise 
proportionately to lure audiences. Theatrical image enhancement is possible in two ways. One way 
is to increase the frame size, and the other way is to increase the camera and projection frame rates. 
Both require changes in the manner in which film is photographed and projected. 

1 . Increasing Frame Size 

With the 1.85 format, it is possible to increase the frame size by expanding the image on 
film laterally into the area previously occupied by the analog sound track. The analog optical 
soundtrack would be replaced by redundant digital tracks. This new format is more fully explained 
in patent application Ser. No. 08/646,777, filed May 8, 1996, which is incorporated herein by 
reference. By combining this enlarged frame with a 3-perforation pulldown, a 32% increase in 
image enhancement can be achieved concurrent with a 25% reduction in film use. Alternately, 
increasing the frame height to five perforations and use of novel, anamorphic lenses for this greatly 
enlarged format would result in a significant increase in resolution too. However, this would result 
in greater film use. 

2. Increasing Camera and Projection Frame Rates 

Increasing the camera and projection frame-rate from 24 to 30 or even 48 frames/sec has 
been demonstrated to provide the viewer with a significantly heightened sense of reality. Since 
film imaging is temporal, higher frame rates eliminate flicker and thereby allow for greater screen 
brightness which otherwise would emphasize such flicker while simultaneously enhancing 
perceived resolution and eliminating the motion anomalies known as "strobing." Strobing occurs 
-^en^^ee^s^ove^eres^-the-serccn at spee ds and angl es su c h that th e illusion of cm emar 
movement is disturbed. Strobing objects appear to jump from one position to another in an 
unnatural manner. This problem is solved by use of higher frame rates in photography and 
projection. 

From the foregoing, it is apparent that there are several alternate frame heights and 
projection frame-rates which are highly desirable for various reasons but which suffer from the 
problem of incompatibility with existing projection systems The successful introduction of 
alternate format films into theatrical exhibition will require that these facilities be equipped with 
projectors that are capable of operating in all formats. It is essential that these projection systems 
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retain the capability to project standard four-perforation, 24 frames/sec. format films along with the 
alternate format films, since anamorphic widescreen presentation will continue to require the full 
four-perforation frame. Additionally, there will always be some "classic" films and others (e.g., 
trailers and public service announcements) which remain in the original four-perforation format 

Several designs have been proposed that attempt to provide three/four- perforation format 
pulldown to existing projectors. However, the fundamental problem with these designs is that they 
require manual changeover of each individual sprocket in the projector when changing the format in 
either direction. This makes these designs wholly impractical due to time and manpower 
constraints. The present invention introduces a fully automatic switchable-pulldown/frame-rate 
projector movement. This movement will permit the same theatrical projector to exhibit various 
alternate format films in 'Tjack-to-back" fashion without undue attention from technicians and 
without hesitation in the presentation. In this manner, the present invention satisfies the problems 
with the prior designs and provides further related advantages. 



The present invention provides a switchable format film projection system comprising a 
film transport system for transporting film through a projector. In the discussion of the invention 
that follows, the word "format" collectively refers to the classification of those film print 
characteristics which have an effect on the projection system design or operation, and includes the 
projection frame-rate (frames per second), frame height (number of perforations), frame aspect 
ratio (width to height) and optical system (anamorphic as opposed to spherical). For example, 
when used in a collective sense, such as in the phrase, "alternate formats may be used," it is 
intended to be inclusive of any combination of the above characteristics. In some instances, 
- however, "fo rma t" may be used in a more s pe c ifi c reference s uch-as - four - perfora tionrjermatj^^n- 
which case it simply refers to a print format having the "four-perforation" frame-height 
characteristic. The term "mode" is generally used to indicate the selectable operating condition of 
the projector movement of this invention which corresponds to the needs of the referenced format. 

The film transport system, also referred to as a film projector movement or "head," includes 
a plurality of sprockets having teeth for engaging perforations on the film, and a motive element that 
rotates the sprockets and moves the film in a frame-by-frame manner past an aperture in the 
projector. In accordance with the invention, a control system is provided to regulate the motive 
element and thereby maintain or change the rotational speed and position of the sprockets in 
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accordance with the format of the film in terms of the number of perforations spanned by each 
frame and in accordance with the designated frame-rate. In this way, the film transport system is 
capable of running film in a variety of different formats on the same projector with a minimum 
amount of skill required and without interrupting or delaying the operation of the projector. 

In one embodiment of the invention, the film transport system includes a pair of sprockets, 
one on each side of a film gate, and an intermittent sprocket between the pair for advancing the film 
frame-by-frame past an aperture in the film gate. The rotational speed of the pair of sprockets is 
determined by a variable speed motor, and the rotational speed and positioning of the intermittent 
sprocket is determined by another motor, such as a high-response servomotor (intermittent 
servomotor). In this embodiment, these two motors comprise the motive element of the film 
transport. If desired, however, a single motor or three motors (or more) may be used as the motive 
element. Also, in this embodiment, a separate, third motor is employed to rotate a shutter blade 
which is part of the projector mechanism that must be maintained in synchronous movement. Any 
change in the film frame-rate will require a corresponding change in the shutter rotational speed 
and, therefore, the shutter motor must be either a variable speed motor or a servomotor. 

The control system coordinates the output of the variable speed motor, the intermittent 
servomotor and the shutter motor and is responsive to a trigger signal that indicates the film's 
format . For example, the trigger signal may be information that is encoded on the film strip and 
read by a sensor. Based on the type of trigger signal that is received, the control system may change 
the shutter motor speed and the output of the variable speed motqr which, in turn, changes the 
rotational speed of the pair of sprockets as well as the rate of advancement of the film frames. 

The variable speed motor and the shutter motor each drive a digital optical encoder 
^enco der") having a lightweight, tran spareafc4isk that has -b een indexed with equally spaced radial 
lines. A light source, such as an LED, and a photodiode straddle the encoder disk such that, in 
operation, the light source projects a beam of light toward the photodiode. Upon rotation of the 
disk, the passage of each encoder line causes the beam to be interrupted and a pulse to be emitted 
from the photodiode. The output of these pulses enables the control system to keep track of the 
exact rotational position of the motor and intermittent sprocket and to cause the motor to accelerate, 
decelerate or stop at an exact position with an accuracy which is a function of the number of lines 
on the encoder disk. Encoder disks with 1000 lines or more are commonly used in industrial motion 
control. Alternatively, a non-transparent disk with radial slots can be used instead of a transparent 
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disk with radial lines. Optical encoder technology is well established and has been used for years in 
the motion control industry. 

The initial movement of the servomotor for each frame pulldown is controlled by the output 
of a conventional servomotor motion control card ("controller*') in conjunction with a CPU which 
has been programmed to provide the servomotor with a selection of predetermined move profiles, 
including acceleration, velocity and angular displacement in terms of encoder counts. A selection 
of profiles is required in order to accommodate the needs of the various frame-height formats and 
frame-rates. This is achieved by altering the angular displacement component of the move profile 
and the time allotted to make the move. The actual move command originates in the shutter motor 
encoder when the index pole passes the photodiode. The encoder then generates a pulse which is fed 
through the control card to the servomotor to initiate an advance of the film by one frame. The 
servomotor also drives an encoder similar to that described above which is continuously monitoring 
servomotor position so that it can feed digitized information regarding film position to the 
controller, enabling it to intermittently stop film movement at the appropriate position and assure 
proper registration of each frame at the film gate. If desired, redundant LED/photodiode sets may 
be provided on each encoder. 

The trigger signal is designed to indicate when the film changes format, such as when there 
is a change from film having frames spanning four perforations per frame to film having frames 
spanning three perforations per frame, or a change of specified frame-rate from 24 frames/sec. to 30 
frames/sec., or both changes together. Of course, the trigger signal can be representative of a 
change between many different kinds of formats and, in general, is designed to indicate when the 
film format in the projector changes from a format having frames spanning one predetermined 

of perforations, or from one predetermined frame-rate to another predetermined frame-rate, or both 
changes together. 

The trigger signal to indicate a change in film format can be generated in a number of ways. 
In one embodiment, the trigger signal is generated electronically by a sensor coupled to the control 
system. The sensor may be designed, for example, to read encoded information carried by the film 
as it enters the projector to indicate a change in the film's format. This information may be encoded 
on a foil or magnetic strip, an optically read code, or by mechanical or other appropriate means. 
Alternatively, the trigger signal may be generated manually based on a visual inspection of the film 
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by a film operator. Other suitable means of generating this trigger signal will be apparent, and the 
invention is not limited to manually or electronically generated signals. 

Regardless of the manner of signal generation, an important feature of the invention is that 
the film transport system is adapted to change between film formats without interrupting or 
otherwise stopping operation of the projector. This eliminates any delays when switching between 
film formats, for example, so that different film formats may be spliced together on the same film 
platter system. A platter system comprises the film feed and takeup storage module for the 
projector. Moreover, no special skill is required to make the changeover between film formats, as 
the system is designed to be simple and reliable in operation, without requiring any significant 
training. Furthermore, the film transport system may be designed to be retrofitted to existing 35 
mm projection systems, thereby avoiding the high cost of replacing an entire projection system, 
including the lamphouse, condenser, platter systems and other components. 

Other features and advantages of the present invention will become apparent from the 
following description of the invention, taken in conjunction with the accompanying drawings, 
which illustrate, by way of example, the principles of the invention. 

Brief Description of the Drawings 

The accompanying drawings illustrate the invention. In such drawings: 

FIG. 1 shows a section of film in one format wherein each frame spans four perforations; 

FIG. 2 shows a section of film in another format wherein each frame spans three 
perforations; 

FIG. 3 shows a section of film in still another format wherein each frame spans 2.5 
perforations; 

FIGr44s^^rspeetwe^v^w^ow o f th e film tra nsport-system-of 

the present invention, including the control components, with portions of the projector removed for 
purposes of clarity; 

FIG. 5 shows a strip of film having multiple formats suitable for use in the film transport 

system; 

FIG. 6 is an elevation view of a hold-back sprocket and an optical/digital encoder, both of 
which are driven by a servo motor; 

FIG. 7 is an elevational view taken along line 7-7 of FIG. 6 showing an optical encoder disk; 
FIG. 8 is schematic layout of the principal components of the film transport system; and 
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FIG. 9 is a flow diagram showing the communication paths between the principal 
components of the film transport system. 

Description of the Preferred Embodiment 

The present invention is embodied in a film transport system, generally referred to by the 
reference numeral 10, for transporting film 12 through a projector. As shown in FIG. 4, the film 
transport system 10 includes two constant speed sprockets, comprising a feed sprocket 22 and a 
hold-back sprocket 24, located on opposite sides of a film gate 26. An intermittent sprocket 28 is 
located immediately below the film gate 26 and between the constant speed sprockets 22 and 24 to 
advance the film 12 intermittently, frame-by-frame, through the film gate in the usual manner. 
Thus, the intermittent sprocket 28 precisely registers each frame of the film 12 with the film gate 26 
at the U.S. standard rate of twenty-four frames per second or at any other frame-rate that may be 
desired. The film gate 26 also includes an aperture 29. A projection light source 96 and a shutter 
blade 99 rotated by a shutter motor 90 are also illustrated. Slack in the film 12, in the form of loops 
of loose film, is provided between the feed sprocket 22 and the film gate 26 and between the 
intermittent sprocket 28 and the hold-back sprocket 24 to prevent film breakage. 

The film transport system 10 also includes a motive element comprising a variable speed 
motor 30 and a servomotor 32. The variable speed motor 30 in this embodiment may also be a 
servomotor. However, as explained below, the variable speed motor 30 also can be a three-speed 
motor, or it may provide additional speeds as desired. The intermittent servomotor 32 must be a 
high-response servomotor and all of the rotating components comprising the intermittent unit must 
exhibit a minimum polar moment of inertia in order to enable the sprocket to be accelerated and 
decelerated at the rate required by the intermittent duty cycle. Alternatively, it is contemplated that 
the mo ti ve el emenfc-may-eomprisc a-single^otef^#Mnee 
change the speed and position of the sprockets 22, 24 and 28. 

The variable speed motor 30 rotates an output shaft 34 extending from each end of the 
motor. One end of the shaft 34 is connected for rotation to the hold-back sprocket 24. The shaft 34 
also rotates a drive wheel 36 which carries a timing belt 38 that couples the drive wheel 36 to a 
second wheel 40. The second wheel 40 is connected to a shaft 42 that rotates the feed sprocket 22. 
Thus, the feed sprocket 22 and the hold-back sprocket 24 are coupled together by the timing belt 38 
and are rotated in unison at a constant speed by the variable speed motor 30. 



-8- 



o 



As also shown in FIG. 6, the shaft 34 on the variable speed motor 30 also carries a 
digital/optical encoder ("encoder") 46. Thus, the feed sprocket 22, the hold-back sprocket 24 and 
the encoder 46, which are all commonly coupled to the shaft 34 of the variable speed motor 30, are 
rotated at the same rotational speed. The encoder 46, as well as two other encoders described below 
that are associated with the servomotor 32 and shutter motor 90, each have a disk, with a light 
source (LED) and a photodiode straddling the disk. As explained above, rotation of the disk causes 
pluses to be emitted from the photodiode. 

Referring again to FIG. 4, the intermittent servomotor 32 also rotates an output shaft 48 
extending from each end of the servomotor. One end of the shaft 48 is connected for rotation to the 
intermittent sprocket 28 and the other end of the shaft 48 rotates an encoder 52. 

FIG. 5 shows a section of film 12 haying a plurality of perforations 56 along the edges of the 
film. Between the perforations 56 are frames 58 which, for purposes of illustration, are separated by 
vertical lines 60. The section of film 12 which is standard 35 mm film, is shown as having different 
formats across its length. The left and right sections of the film 12 have a format in which each 
frame 58 spans four perforations 56. The center section of the film 12 has a format in which each 
frame 58 spans three perforations 56. The transition between these two formats is represented by a 
trigger strip 62, the function of which will be explained in more detail below. FIGS. 1 and 2, 
previously discussed, show the two film formats in greater detail. 

FIG. 4 also shows a host computer ("CPU") 95, a motor controller 94, a motor amplifier 93 
and a d.c. power supply 92 which, together, comprise the power/control system ("control system"). 
The motor controller 94 includes controllers for the variable speed motor 30, the servomotor 32 and 
the shutter motor 90. Similarly, the motor amplifier 93 includes amplifiers for each of these motors 
3 0, 32 and 90. fc oeated^nearthe^ntemee^f4h^ 

format change information, encoded on the film trigger strip 62, which is then relayed to the control 
system. 

The operation of the film transport system 10 is described below and is best understood with 
reference to FIG. 4 in conjunction with FIGS. 7 & 8. For purposes of this description, it will be 
assumed that the film transport system 10 is initially set for operation with a film format in which 
each frame spans four perforations and the frame rate is the standard 24 frames/sec, followed by 
subsequent switching to a film format in which each frame spans three perforations and the 
projection frame-rate is 30 frames/sec., such as when these two film formats are spliced together on 
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the same projector platter system. For convenience, these two film formats are referred to below as 
the "24-four format" and the "30-three format," respectively. 

In this case there shall be two control cards employed. One card is a "shutter controller" 
serving the shutter motor as well as the variable speed motor, and the other card is a "intermittent 
controller" or "servomotor controller" serving the intermittent servomotor. Any reference to the 
"control system" also shall include both controllers and any related software. 

At the outset, the control system has been conditioned for the 24-four format of operation by 
information derived from contact by the sensor 97 with an opening trigger strip 62 or from the 
existence of a default mode in the loop. The shutter motor 90 as well as the variable speed motor 30 
are therefore energized and commanded by the control system to rotate their output shafts at the 
appropriate respective rotational speeds corresponding to 35 mm film having the 24-four format. 
This results in rotation of the feed sprocket 22 and the hold-back sprocket 24, in the film advance 
direction, thereby supplying and taking up equal amounts of film 12 on opposite sides of the film 
gate 26 and the intermittent sprocket 28. At the same time, the variable speed motor 30 rotates the 
encoder 46, and the shutter motor 90 rotates the shutter 99 at 24 revolutions/sec, while at the same 
time rotating a encoder 9 1 at the same rate. 

The shutter encoder 91 has been rotationally adjusted such that the passage of the encoder- 
disk index-pole between its associated LED and photodiode corresponds with the projector shutter 
99 first reaching the fully-closed position. With the shutter 99 closed, no fight is able to reach the 
screen and any movement of the film in the gate 26 due to frame advancement will not be perceived 
by the viewers. Passage of the index pole causes an index pulse 101 to be generated by the shutter 
motor encoder 91 and this pulse is directed to the motor controller 94. The motor controller 94 then 
-sends a s i gpa l 1 02 t o th e se rvom otor 32 to advanc e the film 12 by th e rota tion al cquivate nt-e£onfr 
frame, in accordance with the pre-programmed four-perforation move profile. Thus, with the 
shutter motor 90 turning at 24 revolutions/sec, the intermittent movement follows with a 24 
frame/sec, four-perforation film advance until signaled to do otherwise. As the film advances, the 
CPU 95 is continuously looking for a signal from the sensor 97 indicating a change in format. 
When this change occurs, it signals the motor controller 94 to change the mode of operation by 
changing the various motor outputs as required by the incoming film format. 

Referring to FIGS. 7 and 8, the sequence of events can be generally summarized as follows: 

1 . The control system is switched on and the motor controllers 94 are initiated. 
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2. The default move profile is loaded into the intermittent servomotor controller from the 
CPU 95. 

3. The default film feed and frame rates are loaded into the shutter motor controller from 
the CPU 95. 

4. The variable speed motor 30 and shutter motor 90 are each accelerated to a constant 

speed. 

5. The intermittent servomotor controller continuously reacts to the once-per-revolution 
index pulse generated by the shutter motor encoder 91 causing the sprocket 28 to rotate 
intermittently per the loaded move profile and causing the film 12 to advance by one-frame for each 
index pulse received and then stop for projection. 

6. The CPU 95 enters a loop wherein it continuously looks for a trigger signal indicating a 
change in film format and, hence, operating mode. When this change occurs, signals are sent to the 
motor controllers 94 to change the frame-height and frame-rate accordingly. 

7. Step 5 continues uninterrupted until the CPU 95 encounters another format change signal 
causing Step 6 to be repeated or a "stop" signal from the sensor 97, at which time it instructs the 
motor controllers 94 to shut down the system 10. 

In this manner the intermittent movement is slaved to the shutter motor 90 in terms of 
frame-rate and slaved to the intermittent servomotor controller 94 in terms of the increment of film 
advance. 

As the intermittent sprocket 28 is driven, the film 12 is advanced through the film gate 26 at 
the rate of one frame for each output pulse 101 of the shutter encoder 91 . During this operation, the 
motor controller 94 ensures that each film frame is positioned precisely in the film gate 26. This is 
-araromphshecHtrtfe following manner. 

As the intermittent sprocket 28 advances the film frame 58 into position in the film gate 26, 
the intermittent encoder 52 is sensing the position of the servomotor/intermittent sprocket (32, 28) 
and, likewise, the position of the film frame 58, in terms of number of encoder lines advanced and is 
feeding this information to the servomotor controller 94 via feedback signals 103. The servomotor 
controller 94 is then comparing this actual position with the ideal position defined by the 
commanded move profile and, correspondingly, generating correctional signals 102 instructing the 
servomotor 32 to accelerate, decelerate or stop. In this manner, the film frame 58 is rapidly moved 
into the film gate 26 and positioned with the greatest accuracy. 
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With respect to the sequence of events described above, the previously mentioned 
power/control system (control system) functions in the following manner. Since the high-response 
intermittent servomotor 32 requires a very large supply of power in a very short time, it is necessary 
to provide the control system with a high-output d.c. power supply 92. The management of this 
power supply 92 is provided by the motor amplifiers 93 which are, in turn, managed by the motor 
controllers 94. Therefore, when it is said herein that the controller 94 sends signals to the motors to 
accelerate, decelerate or stop, this is really shorthand for saying that the controller 94 sends signals 
to the motor amplifiers 93 that are employed to meter out power from the power supply 92 to the 
motors in the manner necessary to achieve the commanded move or the adjustment. 

As the film 12 continues to advance through the system 10, one of the trigger strips 62 on 
the film will be read by the sensor 97 ahead of the film gate 26. In one embodiment, the trigger 
strip 62 carries information that is magnetically, optically or otherwise encoded or applied onto the 
strip 62. Ideally, the trigger strip 62 is located at the splice between the two film formats, as shown 
in FIG. 5. The information read by the sensor 97, in this case by way of example, indicates a 
change of film format from the 24-four format to the 30-three format and an appropriate pulse or 
series of pulses 104 is generated by the sensor 97 corresponding to this change in format . This 
pulse-stream 104 is amplified in an amplifier (not shown) and directed to the CPU 95 which serves 
as the watchdog for format changes and loads the motor controller 94 with the appropriate move 
profile to change motor output as necessary to satisfy the requirements of the new mode of 
operation. 

At the same time that the format changeover is taking place, the change in frame-rate must 
also be accomplished. The same encoded trigger signal 104 that was derived from the trigger strip 
6 2 on the fik tH^4snreed-to^eom^ 10 4 is dir c c ted^cHhe-seetien- 

of the motor controller 94 which serves the shutter motor 90 and that component of the encoded 
signal that identifies the projector frame-rate causes the shutter motor 90 to adjust speed 
accordingly, which in this case is an increase to 30 revolutions/sec. Since the film advance must 
always be maintained in synchronization with the shutter rotation, as previously described, the 
intermittent servomotor 32 is slaved to the movement of the shutter 99. For each revolution of the 
shutter motor 90, an index pulse is generated by the encoder 91 which is directed to the intermittent 
servomotor section of the controller 94. The controller 94, in turn, sends a signal to the servomotor 
32, via the motor amplifier 93, to advance the film 12 by one frame 58, which in this case is three 
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perforations. In this manner, the projection frame-rate is increased from 24 frames/sec. to 30 
frames/sec. at the same time that the frame-height is changed from four-perforation to three- 
perforation with no halt in the operation. 

It is important to note that in the three-perforation format, shown in FIG. 2, the frame's 
center line, from left to right, passes through the center of a film perforation 56. In the four- 
perforation format, shown in FIG. 1, however, the frame's center line bisects the space between two 
film perforations 56 — an offset of one-half of a perforation between the two formats. 
Consequently, the first center-to-center step when changing from a four-perforation format to a 
three-perforation format must be a step of 3.5 perforations. Without this initial indexing move the 
projected image would be incorrectly framed, in that the line separating the film frames would 
appear on the screen. Thereafter, the center-to-center spacing will be a constant three perforations 
per frame. The film transport system 10 is designed to accommodate this offset by an initial 
repositioning of the intermittent sprocket 28 with respect to tooth orientation in the halted position. 
This can be accomplished by programming the controller 94 to initiate a first step equal to one-half 
the sum of the outgoing and the incoming frame sizes (in this case (4+3)/2=3.5 perforations). This 
indexing step must be executed precisely at the film splice in order to avoid a framing error and the 
need for subsequent correction. In this manner, the intermittent sprocket 28 is reoriented to maintain 
proper picture framing in the three-perforation format and all subsequent moves are three- 
perforation advances. 

It will be appreciated that the film transport system 10 is capable of switching, not only 
between the two film formats described above, but between any other number of film formats. 
Thus, by way of further example, the film transport system 10 may be configured to use the film 



perforations. When the film transport system 10 is switching from the four-perforation format to 
the 2.5-perforation format, an initial step of 3.25 perforations ( (4+2.5)/2=3.25), followed by 
subsequent steps of 2.5 perforations will be required and will be accomplished in the same manner 
described above. Similarly, the changeover from the three-perforation format to the 2.5-perforation 
format will require a first step of 2.75 perforations. 

Since the sensor 97 is preferably positioned ahead of the film gate 26, the passage of the 
trigger strip 62 over the sensor 97 will generate a pulse 104 slightly before the film 12 is in the 
proper position for a changeover. Consequently, the control system must provide for a delay in the 
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process. The period of the delay will be determined by the distance between the sensor 97 and the 
film gate 26, a constant, and the current mode of operation of the system 10, as determined from the 
encoded information on the trigger strip 62. Because the film 12 is moving slower in the 
three-perforation format, the delay period will be slightly longer. An alternative means for 
compensating for the offset position of the sensor 97 would be to offset the trigger strip placement 
on the film print (i.e., lagging) by an amount equal to the sensor offset from the film aperture 29. In 
this manner the changeover will be accurately timed under any condition of frame-height or frame- 
rate without need for inclusion of a time delay. 

At such time as another trigger strip 62 on the film 12 is read by the sensor 97 another pulse 
104 will be sent to the controller 94 via the CPU 95, which will signal all components of the system 
10 to return to the operational condition corresponding to the 24-four format, as described above, or 
to any other mode of operation that may be specified on the encoded trigger strip. 

It is also contemplated that the trigger strip 62 may be a foil strip which cannot be 
demagnetized, an optically read code, a mechanical trigger (e.g., notching, punching or embossing 
the film) or other appropriate means. Also, if desired, the sensor 97 can be replaced or augmented 
by a manual switch 130 on the projector 14 to initiate a format changeover based on a visual 
inspection of the film 12 by a film operator. 

Of course, it will be understood that when a new reel or platter of film 12 having a constant 
format is first loaded into the projector, the trigger strip 62 may be placed at the beginning of the 
film strip or a manual switch 130 must be activated to command the appropriate operation of the 
projector. Thus, upon reading the trigger strip 62 or upon activation of a manual switch 130, the 
control system can make the necessary adjustments, described above, to operate the film transport 




In addition, it will be appreciated that redundant encoders may be provided for each of the 
motors. This redundancy helps ensure trouble free operation in the event of a malfunction of one of 
the associated sets of LED's or photocells/photodiodes. 

The switchable format projection system described above will allow distributors to 
manufacture release prints in alternate formats which eliminate waste. In doing so they will save 
materials and money with no concurrent reduction in the quality of the image shown to consumers. 
The benefits of this process go well beyond those initial savings. Because the waste is eliminated, 
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the prints are physically shorter and lighter. Therefore they cost less to ship and may even be 
shipped fully platter-mounted and ready for projection. 

Presently, a 100 minute film is 9,000 feet long and, owing to the weight, is shipped in 2000 
foot reels. These reels must be joined together on the specific projector for the screen they are to be 
shown on. This process is called "mounting" the show. It must be done by a skilled individual such 
as a projectionist. When the theater management decides to move that print to another screen, it 
must usually be "broken down" and "remounted" again, as it is too heavy to easily move from 
projector to projector on a platter. However, in the new more-compact form made possible by the 
present invention, that same 100 minutes will be only 6,750 feet long (using film having a 
three-perforation format) or 5,625 feet (using film having a 2.5-perforation format). At this reduced 
length and weight, it will be possible to ship films in a single pre-mounted reel and move that reel 
from projector to projector without breaking-down" and "re-mounting" the show. 

A further advantage of the film transport system 10 of the present invention resides in its 
ability to automatically rewind an entire platter system, which supplies and takes-up film to and 
from the film transport system 10. In prior platter systems, the projectionist is required to re-thread 
the system between showings of each complete mounted platter. Moreover, conventional film 
transport systems employ mechanical devices that prevent the execution of high-speed film rewind. 
The film transport system 10 of the present invention, however, eliminates these mechanical devices 
and utilizes a fully electronic design that avoids intermittent movement at the intermittent sprocket 
28 during the rewind operation and, therefore, provides a smooth, high speed film movement in 
reverse. The film transport system 10 can be commanded to operate in the high-speed rewind mode 
by providing a trigger strip 62 at the end of the film 12 which, by the process described above, 

-eemmands-the-mo tor3 30 and 32 to rew i nd t h e film at high sp eed; 

From the foregoing it can be seen that different or additional film formats may be run on 
the film transport system 10 by appropriate programming of the control system to identify the 
format or frame-rate from its trigger strip code and to provide the various motors with the 
appropriate commands to operate harmoniously in the newly defined mode of operation. In this 
way, the film transport system 10 of the present invention, among other things, can: (1) switch back 
and forth between film formats having different frame-heights: (2) switch between formats having 
different film frame-rates, and (3) perform any format changes on the same platter of film 12, 
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automatically, without interrupting or halting operation of the projector 14. Never before has any 
single design been proposed featuring or even suggesting more than one of these three features. 

This combination of features should be roundly applauded by producers and directors of 
films with budgets ranging from less than $1 million up to $100 million and beyond. Finally there 
will be an ideal format available to everyone. Low budget productions can enjoy the financial 
benefits of reduced release print costs and high budget films can enjoy the enhanced presentation 
value of the larger and higher speed formats. 

This flexibility will also be welcomed by film distributors and exhibitors, who will then 
have greater options in bringing two (or more) different film formats together on the same platter of 
film. The expense and effort in film distribution and exhibition is thus greatly reduced. Moreover, 
for projection purposes, little skill or training is required to implement the changeover between film 
formats, thus making the system ideal for operation by relatively unskilled movie theater 
employees. 

While a particular form of the invention has been illustrated and described, it will be 
apparent that various modifications can be made without departing from the spirit and scope of the 
invention. Accordingly, it is not intended that the invention be limited, except as by the appended 
claims. 
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